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????? (PPLN:Periodically Poled Lithium Niobate)[2],??????? [3],???????
(SOA:Semiconductor Optical Ampliers)[14][15][16] ???????????????????











??????????, N-OTDM ???????????????? AOD ????????
????. SOA??????????????,????????,??????????.??,
?????????????QD-SOA?Quantum-Dot SOA?????????????????
????? SOA ???, ??? SOA ????????????????, ???, ??????
??????????? [6].????????,???????? 320 Gbit/s ????????
?? (OOK:On-O-Keying) ????????? [7]? 320-to-40 Gbit/s ??????????
??????? [8][9]. SOA ? QD-SOA ??????????,??????????,N-OTDM
??? AOD ????????????????????????????.?????,???






?????? (ASK:Amplitude Shift Keying) ,??????? (FSK:Frequency Shift Keying),
?????? (PSK:Phase Shift Keying) ?????????????????.????? ASK
????????? (DPSK:Dierential Phase Shift Keying)?????????.???? ASK








????? [10]????????,? (2.1)? (2.2)???.  (0    1) ?????????,T
?????????????.??????????????????? 2.2(a) ?,??????






????????????? OTDM ?WDM ??????????????????????.
???????????????? 4, 5 ??????.





1  (2t=T )2 (2.1)
?X(f) =
8>>>>>>>><>>>>>>>>:




1  sin[ 2(2T jf j   1)]
	?; 1 2T  jf j  1+2T
0?; jf j 5 1+2T
(2.2)
(a) (b)
? 2.1: (a)?????????????????? (b)?????????
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2.3 ????????












? 2.2: OTDM ??????






????????. N-OTDM ? WDM ??????? 2.4???.???,?????????
??????,N-OTDM ????? OTDM ????????????????????.







??????? (SOA:Semiconductor Optical Amplier) ?????????????????















???????????? (QD-SOA:Quantum Dot-Semiconductor Optical Amplier) ???
?????? SOA??????,????????????????????. QD-SOA? SOA
???????????????????,????????????????????????





???????????????. ????, QD-SOA ? ??? SOA ?????????,??
???,???,????????????????????? [6].????????, 320 Gbit/s























































? 3.2: (a)SOA? (b)QD-SOA????ASE??
? SOA ??????? (ASE:Amplied Spontaneous Emission) ????? 3.2(a), QD-SOA
????? 3.2(b) ???.??????????????????? ASE ????, ?????
????????????.????????????????????,??????????









































? 3.3: (a)SOA? (b)QD-SOA????????
? SOA ? 1530 nm, 1550 nm, 1570 nm ???????????????????? 3.3(a),
QD-SOA ???????? 3.3(b) ???. ???, ?????????????????? -30
dBm ???. QD-SOA ???????????????????, ?????????????
?????. ???, SOA ? 300 mA , QD-SOA ? 1500 mA ???????????????




????? (FWM:Four Wave Mixing) ??????????????,??????????
?????????,?????????????????????????????????.







?QD-SOA ????? FWM ????? OTDM ??????????????????.?
???????? 3.5???.????? 40 Gbit/s OTDM ??? 10 Gbit/s ????????
QD-SOA ???????,????????????????????,??? 10 Gbit/s ???
????????.??????????????????????. 10 GHz ????????
??????????????????????,?????????????????????
??.
? 3.5: QD-SOA ???????????
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? 3.6: QD-SOA ???? DPSK 40-to-10 Gbit/s ??????????????
?QD-SOA????? FWM???? AOD????,??????????????.???
????? 3.6???.???????? (MLLD:Mode-Locked Laser Diode) ?? 1560 nm ??
???????????? (FWHM:Full Width at Half Maximum)? 4.13 ps? 10 GHz????
????????. ??????????? (PC:Polarization Controller) ??????????
???????????? (LNM:LiNbO3 Modulator) ???? 10 Gbit/s ? RZ-DPSK ???
????. ??????????????????????? (PPG:Pulse Pattern Generator) ?
???????? 27 ? 1??????????? (PRBS:Pseudo-Random Bit Sequence)???
???. ????????????????? (EDFA:Erbium-Doped Fiber Amplier)????
LNM?????????, EDFA??????????????????????? (BPF:Band
Pass Filter) ??????. ?????????? (MUX:Multiplexer)???? 10 Gbit/s ???
????? 40 Gbit/s ? OTDM ?????????.??, ECL ??????? 1552nm ??
?????, OCG ????????????????? 3 nm ????? 1554 nm ??? BPF
??????. ????,??????????????????? BPF ??????????
??????. ???????????? OTDM ?????? QD-SOA ??????.???
FWM ????????????????????? (ODL:Optical Dealy Line) ???????
?. ?????????????????????? 3.77ps ????.QD-SOA ???????
???????????????? (ISO:Isolator) ????, T-WBF (Tunable-Wavelength and
Bandwidth Filter)?????,??????????????.???,?????????? OC
????????,??????? (PD:Photodetector) ????????????? ????
??? (OSC:Oscilloscope)???????????.?????????,????? (DI:Delayed
Interferometer)????????????? ? (BPD:Balanced Photo-Diode) ??? DPSK ?




? 3.7: QD-SOA ????????
(a)
(b)





?????????. BER ???????????????????????, ?? BER = 10 9
?????????????????????.?????? 3.9???.??????????
?????????????????,????????????????.?????????
????? 0.3 dB ????.???, QD-SOA ?????????,?????????????
???.??????????? [19] ?? 5 ???????.???, FWM ???? AOD ??
???????????????????????????????,????????????
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????.??????????????????????????, N-OTDM ??? AOD ?
?????????.??,? 2.4???? N-OTDM ???????????????????
??????,?????????????????????????????????????
??.
? 3.10: ??? N-OTDM ?????? AOD ????









?????? (XGM:Cross Gain Modulation) ??, SOA ????????????????.
SOA ???????????,??????????????????,???????????








? 3.11: SOA ???????????
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XGM ????? SOA ???????????, SOA ?????????????????
???????????????.XGM ????? 3.12???.?????,?????????
?? SOA ???????,?????????????, SOA ???????????????
???????????????.
? 3.12: XGM ????
????????????????????? 3.13????????.??,??? f m???
???????????????? SOA ????????????????????????
?????????.???????????????? SOA ???????????????
???. SOA ??????????????????? fm??????????.???,??
??????????????,??????? SOA ???????????.???????
??? SOA ??????????? fm ????,??????? fm ???????????
????????. ?????, XGM ??????????????????? SOA ????
???????????????????????.???????,????????????
???SOA ??????????????????.
? 3.13: XGM ???? SOA ??????????????
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SOA ?? XGM ???? OOK ????? OTDM ?????? AOD ??????.XGM
???? AOD ????? 3.14???.??, RZ-OOK 40 Gbit/s OTDM ?????? 10 GHz
???????????????? SOA ?????.???????????????????
???????,???????? '11011001 ????.????,SOA ???????????
???????????????????.?????????????? SOA ???????
????,?????????????????????????????.?????????
??????????????????????????? '1' ? '0' ?????,??????
??????????????? '0' ? '1' ???.?????, SOA ????? XGM ????
???? AOD ????????.
? 3.14: XGM ???? AOD ????
18
???,????????,FWM ???????, N-OTDM ???????????????
??????????????.?????,???????????, XGM ??????, N-
OTDM ?????? AOD ???????.????????? 3.15???.??,?????
? 40 Gbit/s ? N-OTDM ?????? CW (Continuous Wave) ????? SOA1 ?????.
XGM ????, CW ????????????????????,???? N-OTDM ????
???.???, ?????????????????????? SOA ?????.??????
????????????????????,????????????.





? 4.1: WS ?????????????????????









?????? 4.1???.??,??? f ?????????????? WS ?????. WS ?





? 4.2: WS ?????
???,???????????, =0 ?????????????????????????
?????.????????? WS ??????? 4.2???.?????,WS ??????
??????? 20 GHz,???????????? 18 GHz ???.?????? 0 ?????
??????.??, WS ????????????????????????????????
??,40 GHz ?????????????????????????. WS ?????????
???????????? [4][5][11][12] ???? 40 GHz ?????????????.???,
WS ?????????????????????.?????, 10 GHz ??????????
???,?????????? WS ????????????,???????????????
????????????.???,????? 10 GHz ??????? 40 Gbit/s ??????
?, 40 GHz ????????????????????????????????????.
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4.2 10 GHz ???????????
4.2.1 ????
? 4.3: ??????? 10 GHz ????????????
WS ?????????????????????????????,?????????.??
???? 4.3???. 1550 nm ??? 10 GHz ???????????????? (MLLD:Mode-
Locked Laser Diode) ?????????.????????????? (EDFA:Erbium-Doped
Fiber Amplier) ????????, ????????????? (ASE:Amplied Spontaneous
Emission Noise) ???????,???? 5 nm ? BPF (Band Pass Filter) ??????.?
?? WS(WaveShaper) ???????????????. ??? Guassian ?????????
?,WS ??????????????????????????????.???????? OC
????????,?????????????? (OSA:Optical Spectrum Analyzer) ????
?,???????????.??????????????????? (OSO:Optical Sampling
Oscilloscope) ? 16 ?????????????????????.
22
4.2.2 ????
? 4.4: (a)10 GHz ?????????????????????,(b)????????,(c)??
???????
WS ???????????? 4(a) ???. ??? ???????, ???????????




???? 1 ???????,? 2 ???????????????.?????????????
????????????????????,??????? WS ?????? 10 GHz ???
??????????????.?????,?? 40 Gbit/s N-OTDM ?????????.??
???????, 40 Gbit/s N-OTDM ?????????, 40 GHz ?????????????
???????.
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4.3 40 Gbit/s N-OTDM ????
4.3.1 ????
? 4.5: ??????? 40 Gbit/s N-OTDM ????
40 Gbit/s N-OTDM ??????????? 4.5???. 10 GHz ???????? MLLD ?
????????.???,???????? (PC : Polarization Controller) ?????????
??,??????????? (LNM:LiNbO3 Modulator) ???? 10 Gbit/s ? RZ-OOK ??
??????.???????????????????? (PPG : Pulse Pattern Generator) ?
???????? 27   1 ??????????? (PRBS : Pseudo-Random Bit Sequence) ??
????.???????????????? (EDFA : Erbium-Doped Fiber Amplier) ????
?????.??, EDFA ????????????? (ASE : Amplied Spontaneous Emission)
???????,???? 1 nm ? BPF (Band Pass Filter) ??????.?????????
??????????????? (MUX:Multiplexer) ???? 10 ?? 40 Gbit/s ??????
?. MUX ?????????,????????????????.????????? EDFA
? BPF ?????????.??????? EDFA ??????, WS (WaveShaper) ????
???????????. ???????? OC ????????,?????????????
? (OSA:Optical Spectrum Analyzer) ?????,???????????.?????????




? 4.6: 40 Gbit/s N-OTDM ???????? ? 4.7: 40 Gbit/s N-OTDM ??????? (50
mW-10ps)
???? 40 Gbit/s N-OTDM ?????????? 4.6?,?????? 4.7???.????
??????????,?????????????????????????.????? WS
???????????.?????? 4 ???????????????,?????????
???????????.????????? N-OTDM ?????? OTDM ????????
??,?????????.
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? 4.8: 40 Gbit/s N-OTDM ???? OTDM ????????
???????? N-OTDM ???? OTDM ????????,???????? 4.8???.
????????:
????????????????????,?MLLD ????????? 10 GHz ?????
???????????? (T-WBF:Tunable-Wavelength and Bandwidth Filter) ??????
???.???, PC ???????????,LNM ???? 10 Gbit/s ? RZ-OOK?????
???.????? EDFA ???????? ASE ???????, 0.6 nm ? BPF ?????
?.???,???????? (AC:AutoCorrelator) ???????? (????)???????
?.???? (FWHM:Full Width of Half Maximum) ? 10.48 ps ????.?????????
MUX ???? 10 ?? 40 Gbit/s ???????. MUX ?????????,????????
????????.????????? EDFA ?????, WS ??????????????
?. ???????? OSA ? OSC ????????.
????????:
?MLLD ????????? 10 GHz ????, PC ???????????, LNM ???? 10
Gbit/s ? RZ-OOK ????????.???????? EDFA ????????, WS ???
?????????????????.??????????????????????????
????.???, AC ??????????????????????. FWHM ? 10.34 ps ?
???.????????? MUX ???? 10 ?? 40 Gbit/s ???????.???????
????????, OSA ? OSC ????????.
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? 4.9: 40 Gbit/s N-OTDM ?
????????? OTDM ???
??????
? 4.10: 40 Gbit/s ????????? ?
????????????????
? 4.11: 40 Gbit/s ?????????
OTDM ??????? ? 4.12: 40 Gbit/s N-OTDM ???????
??????????????????? 4.9?,??????????? 4.10???.??






(a) Time1 (b) Time2
? 4.13: ?????????? 40 Gbit/s N-OTDM ???????
? 4.14: 40 Gbit/s N-OTDM ????????????????
???, N-OTDM ??????????,???????????.?????????? 40




?????????. 1, MUX ???????????????????,??????????










??.???, WS ????????,??????? 10 GHz ????????????????
??????????. 10 GHz ???????????????????????,?????
????? (MZM:Mach Zehnder Modulator)???????? [21]??????. MZM ???
?????????????????????????? 5.1???.??????, MZM ??
????????????????????????????????????????.??,
CW ?? MZM1???, RF ?????? (RF-G:RF-Generator)1 ??????????? f1
? sin ???????.??????????????, MZM1 ? Bias ????????.???
???,??????????,?????? f1??? 3 ?????????????.????
? MZM2 ????, RF-G2 ??????????? f2? sin ???????????.????
??????????, MZM2 ? Bias ????????.???, RF-G1 ? RF-G2 ?????
???,????????? RF-G2 ???????????.??????,??? f2 ????
????????????.???, f1 = 3f2 ???.?????, f1 = 30 GHz, f2 = 10 GHz ??
??????, ?????????????????.
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5.2 ?????????????? 10 GHz ???????????
5.2.1 ????
? 5.2: MZM ???????? 10 GHz ???????????
MZM ???????? 10 GHz ?????????????????? 5.2 ???. ??
?????? (ECL:External Cavity Laser-Diode) ??????? 1550 nm ???????
(CW:Contnuous Wave)?????,???????????????????,MZM1?????
?. MZM1 ?? CW ???????????? 1 (SG:Signal Generator) ??????? 30 Ghz
????????, 30 GHz ??????????.???,??????????? 0 ?????
?, Bias1 ??????????.???,?????????????? (EDFA : Erbium-Doped
Fiber Amplier) ?????????.??,EDFA ??????????? (ASE : Amplied
Spontaneous Emission Noise) ???????,???? 1 nm ? BPF (Band Pass Filter) ??
????.???,??? MZM2 ?????, SG2 ? 10 GHz ?????????????. SG1
? SG2 ???????????,SG2 ????????????.????,?????????
????? Bias2 ??????????. MZM2 ???????????? EDFA?????,
?????????????????????????????? (T-WBF:Tunable-Wavelength
Bandwidth Filter) ????.???,??? 9:1 ????? (OC: Optical Coupler) ??????
????,??????????? (OSA: Optical Spectrum Analyzer) ???????????




? 5.3: ????????? ? 5.4: ???????
? 5.5: 10 GHz ?????????
??????????? 5.3?,??????????? 5.4,???? 10 GHz ???????
????? 5.5????.???????????????? T=10 ps ???, FWHM=9.54 ps
???? (??????T=10 ps, FWHM=10 ps)[21].???????????????????
???????, 10 GHz ????????????????????.???????????
?,??????????????, 10 GHz ?????????????????????.??
?,MZM ?????????,????????????????????????????.
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5.3 ?????????????? 40 Gbit/s ????? OTDM ?
???
5.3.1 ????
? 5.6: 40 GHz ??????????????
40 Gbps ??????????????,????????????????????????
? 5.6???.??????????,????? 10 GHz ?????????????????
??????? (LNM: LiNbO3 Modulator) ??????, 10 Gbit/s ? RZ-OOK ??????
??.???????????????????? 2 (PPG2 : Pulse Pattern Generator) ????
????? 27   1 ??????????? (PRBS : Pseudo-Random Bit Sequence) ?????
?.???,??????????? (MUX: Multiplexer) ?????, 40 Gbps ????????
??.????????????????????, MUX ?????????????????
??.????????? EDFA ?????,T-WBF ??????????????????.?
????? 9:1 ????? (OC: Optical Coupler) ??????????,??????????







? 5.7: (a)30 GHz ????, (b)10 GHz ?????????, (c)10 Gbit/s ?????????
??, (d) ????????? 40 Gbit/s ???????????, (e) ?????????
???????????????? 5.7???.????????? 40 Gbit/s ???????
??????????,????????????????????.
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(a) Time1 (b) Time2
? 5.8: MZM????????????? 40 Gbit/s ?????????????
(a) Time1 (b) Time2
? 5.9: WS ?????????????????? 40 Gbit/s ?????????????









??? 3.4 ???????????????????,??? OTDM ???????????
???????.??????????????.
6.1.1 ????
? 6.1: ???? OTDM ????????????
35
?????? 6.1???.
???? 40 Gbit/s OTDM ?????:
????????? (MLLD:Mode-Locked Laser Diode)?? 1548 nm?????? 10 GHz??
???????????. ??????????? (PC:Polarization Controller)????????
?????????????? (LNM:LiNbO3 Modulator) ???? 10 Gbit/s ? RZ-OOK ??
??????. ??????????????????????? (PPG:Pulse Pattern Generator)
??????? 27 ? 1 ??????????? (PRBS:Pseudo-Random Bit Sequence)???
???. ????????????????? (EDFA:Erbium-Doped Fiber Amplier)????
LNM?????????, EDFA??????????????????????? (BPF:Band
Pass Filter)??????. ?????????? (MUX:Multiplexer)???? 10?? 40 Gbit/s
? OTDM ?????????.??,???????? (ECL:External Cavity Laser)1 ????
1544 nm????? (CW?)??????.40 Gbit/s??????? CW?????????,3
dB ???? (OC:Optical Coupler) ?????????.??????????? QD-SOA ??
???,???????????? (OPM:Optical Power Meter) ??????????????
?.QD-SOA ?????? 2000 mW ??????.QD-SOA ?????????? CW ???
??????? 1.23 dBm ? 0.07 dBm ????.QD-SOA ????????????????
?????? (ISO:Isolator)????, T-WBF (Tunable-Wavelength and Bandwidth Filter) ?
???????????????? (BSF:Blue-shift Filtering)[9] ?????.????????
???????????,???????????.
10 GHz ?????????:
?ECL2??????? 1549 nm? CW??????, OCG????????????????





?????????????????? PC ???????????,3 dB OC ??????
???.??????????? ISO ????? SOA ?????,????????????
(OPM:Optical Power Meter) ???????????????.SOA ?????? 500 mW ?
?????.SOA ??????????????????????????????? 9.30 dBm





??????????? 3 dB OC ????????,??? 1:9 OC ?????,?????
EDFA??????.1:9 OC???????????????????? (OSA:Optical Spectrum
Analyzers)??????????????????.?????????? (PD:Photodetector)?
??????????????????? (OSC:Oscilloscope)???????????.??,EDFA
????????????????? (OATT:Optical Attenuator) ? OPM ????,PD ??






? 6.3: (a) 40 Gbit/s ?????, (b) ???? 40 Gbit/s ?????
QD-SOA ???????????????????????????? 6.2???. 40 Gbit/s
RZ-OOK OTDM ???????????????? 6.3???.
38
? 6.4: ?????????
ch1 ch2 ch3 ch4 Back-to-back
? 6.5: ??????? Back-to-back ???????????????? (?),?????? (?)
? 6.6: BER ??
39
? SOA ??????????????????????????? 6.4???.??????
? Back-to-back ??????????????????????????? 6.5,??????
??????? 6.6???.??????????????????????????,?????






?????? 6.7???. 1 40 Gbit/s N-OTDM ???????? 5.3.1 ??????????
??????.???,??????????????????????,???? OSO ? OSA
????????????????. 2, 3, 4, 5?,?????????????.QD-SOA ???
???????? 1.69 dBm (Data), 1.23 dBm (CW) ????.SOA ??????? 7.31 dBm
(Data),  10.11 dBm (Clock) ????. 10 GHz ???????????????? 10.09 ps ?




? 6.8: 10 Gbit/s ???????????? (a)?????, (b) ????
? 6.9: QD-SOA ?????????
(a) (b)
? 6.10: (a) 40 Gbit/s N-OTDM ??, (b) ???? 40 Gbit/s N-OTDM ??
10 Gbit/s ???????????????????????? 6.8???. QD-SOA ???
???????????????????????? 6.9???. QD-SOA ?????????
??????????????????? 6.11???.
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? 6.11: SOA ?????????
Ch1 (10 5) Ch2 (10 3) Ch3 (10 2) Ch4 (10 4) Back-to-back
? 6.12: ??????? Back-to-back ????? (?),?????? (?)
? SOA ????????????????????? 6.11???.??????? Back-to-
back ???????????????? 6.12???.???????????????????
?????????.????????????????????, 10 5 (Ch1),10 3 (Ch2), 10 2
(Ch3), 10 4 (Ch4) ???,????? 10 5 ????.
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?7? ??




1. SG1 ??????? 30 GHz ????????????????,???????.???,
????????????????,?????????????.
2. MZM1 ? MZM2 ?????????????,???????????????????
????????????????.??????????????, OSO ? OSA ???
??????????????????????.???,??????????????,
?????????????.
3. ??????????????????????????????????.?? SG1 ?
SG2 ????????????, SG2 ???????????????????. SG1 ?
SG2 ????? 30 GHz ? 10 GHz ????????????????,??? 10 MHz
????????.??????????????????,??????????????
???.
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